For the purpose of reducing thermal load in the management of high-level wastes and utilizing radionuclides separated, it is essential to establish the process for their selective recovery from the HLLW(2). The selective adsorption of Sr, a major heat-generating nuclide, has been studied by employing various inorganic adsorbents(3)~(5). In particular, zeolite A having a large cavity and a low Si/Al ratio is known to exhibit high selectivity toward Sr2+(6)(7). However, this high affinity causes difficulties in elution of Sr sorbed on zeolite A. For the recovery of Sr from this zeolite, the method of dissolution in a high concentrated HCl solution was adopted at Hanford (8) 2. Distribution Coefficient The sample of zeolite (0.16 g) was shaken with a solution (48 cm3) containing 10 ppm Sr2+ spiked with 85Sr in a polypropylene vial at 25dc for 24 h. After equilibration, the sample solution was centrifuged at 3,000 rpm (825 G) for 3 min, and then the T-activity of the supernatant was measured with a well-type Nal(Tl) scintillation counter.
The Kd (cm3/g) of Sr was determined as jacket. A small amount (500 mg) of Sr spiked with 85Sr was previously introduced at the top of the column bed by passing the Sr solution through the column.
The eluting solution containing either inorganic salt, acid or EDTA was flowed into the column at a fixed rate in terms of space velocity (SV) of 7.3~36.4 h. Every 3 cm3 of eluate was sampled by a fraction collector, and its radioactivity was measured.
III.
RESULTS AND DISCUSSION
Distribution and Elution Behavior of Sr in Inorganic Salt or Acid (1)
Distribution of Sr Figure 1 shows the effects of concentration ([M+]) of coexisting salt or acid on Kd of Sr onto zeolite A. Here the equilibrium pH was kept in the range of 6.2~,9.4. The log Kd value linearly decreased with increasing log[M+] value. This tendency is similar to that in the case of Cs+ (5)(11). Relatively high values of Kd over 102 cm3/g were obtained even in the presence of M+ ions above 1 M, suggesting difficulties in the elution of Sr with these inorganic salt solutions. For nitric acid solutions, a linear relationship having a slope of -2 was observed between the log Kd value and the equilibrium pH. The Kd value was lowered to less than 102 cm3/g in the presence of HNO3 above 10-1 M, how- ( 1) where Ai and Af (cpm/cm3) are respectively the counting rates at initial state and at equilibrium, m (g) the weight of zeolite and V (cm3) the volume of aqueous phase.
3. Elution of Sr A series of elution tests was performed on an apparatus described in the preceding paper (1) . Two grams of zeolite were closely packed in a column (8 mm inside diameter and 200 mm height) controlled up to 40dc in a water was markedly reduced owing to its lower selectivity to Sr compared with that of zeolite A(12) ; the Kd value was less than 10 cm3/g in the presence of NH4NO3, above 1 M. Hence, the Sr" ions adsorbed on the zeolite Y will be readily eluted with the NH4NO3, solution.
The distribution behavior in the presence of acid was similar to that in zeolite A, however no destruction of zeolite Y was observed under this experimental conditions. ( 2 ) Elution of Sr Figure 3 illustrates an elution chromatogram of Sr with a 5 M NH4NO3 solution from the column packed with zeolite A. A broad peak was observed around 30 cm3 (bed volumes (BV)=17.0) of the eluate, followed by the elution of small amounts of Sr. This is because the Sr2+ ions in the a-cages are easy to be eluted at early stage, while the elution rate through the inmost b-cages is very slow (12) . This tendency was similar to that in the columns packed with zeolite X. The elution percentage was less than 50 % even after flowing a 200 cm3 (B V=113) of 5 M NH4NO3 solution. (Fig. 4) 
where Ksry is the chelate formation constant.
The K'd can be expressed by ( 4 ) At higher concentration of [Y4-], Eq. (4) can be approximated as (5) The K'd value is thus expected to decrease with increasing [Y4-] concentration. Figure 5 shows the relation between the ( 6 ) where K,, K2, K3 and K, are acid dissociation constants of EDTA. The plots of the log K'd and the log[Y4-] gave a straight line with a negative slope of -0.58. An empirical formula is given by ( 2 ) Elution of Sr with EDTA The elution behavior was examined by passing the EDTA solutions through the zeolite A columns. Figure 6 illustrates the chromatograms eluted with different concentrations of EDTA. The peaks on chromatogram shifted to larger volumes of eluent with decreasing concentration of EDTA. This tendency is more clearly revealed in Fig. 7 ; the log VR value is inversely proportional to the log[Y4-] value yielding a straight line with a slope of -0.58. The VR is given by ( 8 ) where V. (cm3) and Va (cm3) are respectively the interstitial volume and the column volume of adsorbent, and r (g/cm3) is the density(13).
On inserting Eq. (7) into Eq. (8), the following empirical equation is obtained ( 9 ) Here, a full line indicates the estimated one which is derived by substituting Vm =0.96 (cm3), p=1.81 (g/cm3) and Va =1.10 (cm3) into Eq. ( 9 ) (Fig. 7) .
The elution data are summarized in Table 1 . The elution parameters, the number of theoretical plates (N) and the tailing coefficient (S), are given by
where W is the peak-base width, and B and A are respectively the base width of righta nd left-sides of the VR value. The plate Figure 8 (a) illustrates the effects of flow rate on the N value and the elution percentage. The lowering of flow rate led to a slight increase in N value and elution percentage. The increase in temperature was effective for the enhancement of column efficiency ( Fig.  8(b) ); the N value increased with temperature due to an increase in diffusion coefficient of Sr2+ through the channel in zeolite structure (12) . The particle size had no influence on the column efficiency under these experimental conditions.
( 4 ) Repetitive Sorption and Elution The sorption and elution of Sr were repeated three times by using the zeolite A column. Figure 9 illustrates the chromatograms obtained by repetitive sorption and elution, and the elution data are summarized in Table 2 . The repetitive use of the column is found to have no influence on the VR value and on the elution percentage.
In the case of NH3-NH4Cl buffer, the N value was enhanced owing to the participation of NH4+ in the elution of Sr. The zeolite A after the experiments proved to remain unaltered by means of X-ray diffractometry and infrared spectroscopy. Table 2 Elution data obtained by repeated runs
IV. CONCLUSION
The Kd of Sr on zeolite A decreased with concentration of coexisting inorganic salt or acid. The Kd values were over 102 cm3/g even at the concentration above 1 M, and the structure of zeolite A was further destroyed with a HNO3 solution above 10-2M, resulting in the difficulty of the quantitative elution. The It, value was lowered to less than 10 cm3/g in the presence of EDTA and the linear relationship having a slope of -0.58 was obtained between log If, and log [Y4-]. The VR can be estimatedby using an empirical equation of VR-=Vm+rVa(10-0.33[Y4-]-0.58) (Cm3). The VR value was independent of flowing conditions, while the column efficiency and the elution percentage were improved with increasing column temperature and decreasing flow rate. The structure of zeolite A remained unaltered after the repetitive use of the column.
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